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Background: Dental implant thread geometry has been pro-
posed as a potential factor affecting implant stability and the per-
centage of osseointegration. Therefore, the aim of this prospective,
randomized, parallel arm study was to evaluate the effects of dental
implant thread design on the quality and percent of osseointegra-
tion and resistance to reverse torque in the tibia of rabbits.
Methods: Seventy-two custom-made, screw-shaped, commer-
cially pure titanium implants (3.25 mm diameter × 7 mm length)
were placed in the tibiae of 12 white New Zealand rabbits. Each tibia
received three implants of varying thread shapes: one with a V-
shaped, one with a reverse buttress, and one with a square thread
design. The rabbits were sacrificed following an uneventful healing
period of 12 weeks. Implants in the right tibiae underwent histologic
and histomorphometric assessments of the bone-to-implant con-
tact (BIC) and the radiographic density of surrounding bone, while
implants in the left tibiae were used for reverse-torque testing. Dif-
ferences between the three thread designs were examined using
analysis of variance (ANOVA).
Results: Data showed that the square thread design implants
had significantly more BIC and greater reverse-torque measure-
ments compared to the V-shaped and reverse buttress thread
designs, while no differences were found in radiographic bone
density assessments.
Conclusion: These results indicate that the square thread design
may be more effective for use in endosseous dental implant sys-
tems. J Periodontol 2004;75:1233-1241.
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A
major advance in dentistry has been
the successful replacement of lost
natural teeth by osseointegrated
implants. The use of dental implants for
the oral rehabilitation of fully and partially
edentulous patients has greatly broadened
the scope of clinical dentistry and allowed
for the inclusion of patients and cases not
previously possible. The predictability and
long-term success of dental implants have
been well documented, both in removable
and fixed prostheses.1-4 Most of the studies
reported have shown multi-year success
rates of more than 90% for implants or par-
tially edentulous patients.3,5-10
Nevertheless, success rates have been
reported to vary in different areas of the
mouth and in different patients. For ex-
ample, lower success rates have been
reported for maxillary implants than for
mandibular implants.1,11,12 Attempts have
been made to understand the factors that
may compromise implant success. Factors
such as material biocompatibility, implant
design and surface, surgical technique,
host bed, and the loading conditions have
all been shown to influence implant
osseointegration.13 Available bone volume
has long been considered as an important
factor in achieving implant predictabil-
ity.14 Studies showed higher failure rates
for implants shorter than 10 mm.2 Another
important influencing factor for implant
success is bone density, since higher fail-
ure rates have been reported for regions
with poor quality bone, e.g., the posterior
maxilla.11,15-17
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Consequently, modifications in implant body design
and implant surfaces have been suggested to increase
the success in poor quality bone by, hypothetically, gain-
ing better anchorage and providing more surface area
of load to decrease stress to the softer bone types.11
Carlsson et al.18 found a more complete bone-to-implant
contact around screw-shaped implants than around dou-
ble cylinders and T-shaped implants, and a stronger
biomechanical bond with a rough implant surface than
with a similarly shaped but polished implant surface.
Other studies have also reported that a rough surface
is more suitable for implant integration than a com-
paratively smoother implant surface by demonstrating
a higher degree of bone integration.19-22
Surface roughness is not the only implant design cri-
terion to consider for optimal osseointegration. Finite
element analysis studies of implants indicate that bone
stress distributions and magnitudes vary with implant
shape.23,24 Identifying the ideal implant shape and mate-
rial has been challenging, as the optimum bone stress
state remains unknown. However, it is known and
accepted that bone responds differently to different types
of loading and is weakest under shear loading condi-
tions.25 Transforming shear forces into more resistant
force types at the bone interface is the purpose of incor-
porating threads into the implant design as a surface fea-
ture. Threads are also used to maximize initial contact,
improve initial stability, enlarge implant surface area,26
and favor dissipation of interfacial stress.27 Thread depth,
thread thickness, face angle, pitch, and helix angle are
some of the varying geometric patterns that determine
the functional thread surface and affect the biome-
chanical load distribution of the implant.28 The available
thread shapes of square, V-shape, and reverse buttress
are intended to reduce the development of shear forces
at the dental implant-tissue interface, therefore improv-
ing long-term success.29
Several thread designs have been developed. The
original Branemark screw, introduced in 1965, had a
V-shaped thread pattern as a means of placement into
a threaded osteotomy.30 The original design has been
modified over the years to allow for simpler, more effi-
cient placement and better load distribution. The stan-
dard V-shaped thread, called a fixture in engineering, has
10 times greater shear loads on bone compared with
a square thread with parallel major and minor diam-
eters.28 Reverse buttress thread shape is optimized for
pull-out loads and has parallel major and minor diam-
eters.31 The reverse buttress thread design has fewer
threads and less thread depth.
Square thread shape, called a power thread in engi-
neering, reportedly provides an optimized surface area
for intrusive, compressive load transmission, resulting
in a lower strain profile to bone.28 In an animal study
using the square thread implants, it was reported that
bone grew between the threads, closely adapted to the
implant, and that the inferior aspect of the test implant
threads were apposed by more bone than the coronal
aspect.29 These results suggest a biological advantage
for the compressive load transfer mechanism for this
thread design. This observation was further supported
in the case report of two bioengineered square thread
design implants loaded for 1 year.31 It was demonstrated
in the case report that the bone was primarily lamellar
in structure, the bone turnover rate was less than 5
µm/day, and was the same as the bone away from the
interface. However, due to limited sample sizes, additional
histologic reports and clinical data are required to con-
firm the observations made in these reports.
Limited information is currently available on the
influence of implant thread design on overall implant
success rate, and no direct comparisons of the avail-
able thread designs have been reported. Therefore, the
aim of this prospective, randomized, parallel arm study
was to evaluate the effects of dental implant thread
design on the quality and percent of osseointegration
and resistance to reverse torque in the tibia of rabbits.
MATERIALS AND METHODS
This prospective, randomized, parallel arm study inves-
tigated the influence of implant thread design charac-
teristics on resulting bone quality. A power calculation
was performed to determine the sample size, and it was
determined that a minimum of 10 animals were nec-
essary to achieve power. The influence of dental
implant thread design on the quality and percent of
osseointegration and bone remodeling were evaluated
in the tibiae of 12 female white rabbits (Oryctolagus
cuniculus), 9 to 12 months of age, with a weight rang-
ing from 3.4 to 4.1 kg. The tibiae of each rabbit
received three study implants (3.25 mm × 7 mm), one
each of the V-shaped, buttress, and square thread
designs (Fig. 1). 
For each animal, the implants in the left tibia were
used for biomechanical testing (removal torque test),
and the implants in the right tibia were used for histo-
logical examination. The implants were placed transcor-
tically and alternated in location to account for reported
bone quality differences in different regions of the rab-
bit tibia.32 This stratification in implant position (distal,
medial, or proximal portion of the upper tibia) was per-
formed as described previously.20
The study protocol was approved by the University
Committee on Use and Care of Animals at the Uni-
versity of Michigan. Housing was in standard cages for
rabbits, and feeding of the animals was according to
national standards for laboratory animals. Prior to
surgery, animals were acclimated to the vivarium for
a period of observation to ensure that they were healthy
and stable.
ile draping. Surgical exposure was accom-
plished with an incision through the skin, fas-
cia, and periosteum at the medial side of the
proximal tibia using sterile surgical techniques.
Implant site osteotomies were prepared in
the usual manner using drills with increasing
diameter under profuse irrigation with sterile
saline. The implants were screwed into place
without pre-tapping the sites, until the implant
shoulder was level with the bone surface. All
implants penetrated the first cortical layer
only, never engaging the opposite cortical plate.
Each rabbit received a total of six implants,
three implants in each the right and left tibiae,
one each of the different thread designs. The
implants were uniformly stratified bilaterally
with placement and retrieval performed by the
same surgeon. After the implants were seated
and stable, the surgical sites were closed in
two layers and sutured to obtain primary clo-
sure using resorbable gut sutures.
Post-procedurally, each animal was given 0.3 cc of
buprenophine hydrochloride¶ and 2 cc of enrofloxacin#
(22.7 mg/ml) intramuscularly. For the next 2 days post-
operatively, each animal received 2 cc of enrofloxacin
by mouth, once in the morning and once at night. Animals
were given water and fed ad libitum while healing, with
full weight-bearing capacity immediately after surgery.
Torque Measurements
Twelve weeks post-surgically, all 12 rabbits were anes-
thetized. The implant sites in the left tibiae were surgi-
cally exposed via sharp dissection to bone and clinically
examined after careful removal of overgrowing bone and
soft tissues. An implant removal mount was securely fas-
tened, engaging the external hex, which was connected
to the torque gauge with the insertion device. Removal
torque tests were performed on all implants in the left tib-
iae using a torque gauge manometer** with a measuring
range from 0 to 150 N-cm. After stabilizing the legs,
torque was increased incrementally by rotating the gauge
slowly counterclockwise. Manual torquing continued until
loosening of the implants was detected with the peak
torque value recorded when rupture occurred between
implant and bone. Peak torque measurements were
recorded by a single examiner masked to the implant
thread design. Mean torque measurements were calcu-
lated for each implant thread design.
Histologic Preparation of Specimens
Immediately after the biomechanical testing and re-
moval of the implants in the left tibiae, the animals were
sacrificed by administration of 1.75 cc pentobarbital
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Study Implants
A total of 72 custom-made, screw-shaped, commercially
pure titanium implants were used in this study. All thread
designs used are available through commercial firms;
however, we arranged to have all 72 implants custom
made by one manufacturer to avoid any potential bias.
All implants had a uniform thread pitch, the same fixed
number of threads per unit length in the same axial plane
and on the same side of the axis, as well as uniform
thread depth throughout the length of the implant.
Implants were 3.25 mm in diameter by 7 mm in length.
The implant thread design was the only variation: 24 V-
thread, 24 reverse buttress thread, and 24 square thread
design (Fig. 1). The study implants did not have holes,
grooves, or slots to resist rotation.
One surface was used on all implants to reduce the
influence of surface roughness variability on bone re-
sponse. The implants were roughened through a
process known as resorbable blast media (RBM), where
hydroxyapatite particles were used as the biocompat-
ible blast media to obviate surface contamination from
the blasting process.33 The blast media resorbs dur-
ing the passivation process, resulting in an optimum
roughness profile of a pure TiO2 surface free of conta-
minants. This roughened surface is superior in increas-
ing biological fixation and improving implant-to-bone
contact over a machined surface.33
Surgical Procedures and Implant Placement
The rabbits were anesthetized with a combination of
1.3 cc of ketamine (100 mg/ml) and 0.2 cc xylazine
(8.8 mg/kg) intramuscularly followed by continuous
inhalation delivery of 1.0% to 2.0% isofluorane (u.s.p.)
before the surgical procedures. The legs were shaved,
washed, and decontaminated with betadine prior to ster-
Figure 1.
Standard thread shapes in dental implant design.The V, square, and reverse buttress
threads were evaluated in this study.
¶ Buprenex, Reckitt Benckiser Healthcare, Hull, U.K.
# Baytril, Bayer Healthcare LLC, Shawnee Mission, KS.
** Mark-10, Hicksville, NY.
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(390 mg/ml, IV, to effect) via the ear vein. The right tib-
iae of all of the rabbits were removed at sacrifice (12
weeks postoperatively), and soft radiographs were taken
for initial orientation of the implants prior to section-
ing. All soft radiographs†† were taken at the Medical
College of Georgia, Augusta, Georgia, with occlusal
film at 55 KvP and 2.5 MA for 60 seconds. Routine
radiographs of the tissue samples for densitometric
analysis were taken by a radiographic unit‡‡ with
occlusal film at 55 KvP and 2.5 MA for one second.
Each implant region was dissected and block biop-
sies including implant and surrounding tissues were
obtained and fixed in 10% neutral buffered formalin.
Each portion of the block biopsy contained three
implants of the tested thread designs. These fixed tissues
were sent to a histology laboratory at the Medical Col-
lege of Georgia School of Dentistry. They were dehy-
drated using ascending grades of alcohol, infiltrated, and
embedded in methyl methacrylate (MMA) for non-decal-
cified sectioning.34 For histomorphometric analysis, sev-
eral serial sections, 250 µm thick, were taken in the long
axis of each implant as close to the midline as possible
using a diamond wire saw.§§ These sections were milled
to a thinner measurement (≤100 µm) utilizing a grinder/ 
polisher  to maximize microstructure and viewing res-
olution. The sections were polished to an optical finish
and stained with modified masson trichrome stain for
histomorphometric and histological analyses. The bone-
to-implant contact length fraction (BIC%) was measured
from the bottom of the thread shoulder using the inter-
nal and external angles of the first three threads of the
implant length for the various groups. This was done
under one microscopic view at a time for a specific area.
Histometric analyses and microscopic observations
were performed by one examiner. Microscopic images
were photographed with a camera¶¶ connected to a micro-
scope## and transferred to a personal computer. These
images were analyzed with image analysis software.***
The percentage of bone-to-implant contact around the
threads was calculated using a 10X objective lens.
Statistical Analysis
Mean values of bone-to-implant contact for the three dif-
ferent thread designs were calculated and subjected to
one-way and repeated measures analysis of variance.
Differences in mean peak removal torque values and
radiographic bone density were compared for signifi-
cance by a repeated measures analysis of variance.




All of the rabbits tolerated the implantations well,
regaining full weight-bearing mobility within a few days
postoperatively. No fractures or complications were
noted during the 12-week healing period. Rabbits 7
and 11 were diagnosed with ear mites 2 weeks post-
operatively and both were treated successfully with
topical medication. At sacrifice, no signs of gross infec-
tion, tissue reaction, or any other pathology were noted
around the implant sites. Radiographically, no gross
changes to the tibial architecture were noted, however
some endosteal bone formation and consolidation were
seen. Three of the implant specimens were not read-
able; therefore, analyses were performed on 69
implants.
Removal Torque Measurements
Twelve weeks after implant placement, the mean
removal torque was 15.58 ± 6.07 N-cm for the V-thread
implants, 15.46 ± 6.22 N-cm for the reverse buttress
thread implants and 23.17 ± 9.68 N-cm for the square
thread implants. The torque measurements yielded sta-
tistically significant differences between the square
thread group compared to both the V-thread or the
reverse buttress group (P <0.05) (Table 1). The highest
removal torque was found in the square thread implant
group, while the V-thread group demonstrated the low-
est. No significant differences in removal torque were
found between the V-thread and the reverse buttress
thread implants (Table 1).
Histologic Evaluation
Microscopically, all 36 implants were well integrated into
bone. Implants were in contact with cortical bone along
the upper threads, while the lower threads were in con-
†† Faxitron Series 43807N Radiographic System, Hewlett-Packard, Palo
Alto, CA.
‡‡ Toshiba, San Jose, CA.
§§ Well Precision Diamond Wire Saw, Inc., Mannheim, Germany.
  Ecomet III, Buehler, Ltd., Lake Bluff, IL.
¶¶ Digital Spot Camera, Diagnostic Instruments, Inc., Sterling Heights, MI.
## Axiophot, Carl Zeiss, Oberkochen, Germany.
*** Version 6.00.10, Bioquant Image Analysis Corporation, Nashville, TN.
Table 1.
Reverse Torque Removal Values (N-cm)
and Percentage of Bone-to-Implant Contact




Reverse torque 15.58 ± 6.07* 15.46 ± 6.22† 23.17 ± 9.68*†
value  
(N = 36 implants)
Percentage of BIC 65.46 ± 9.64* 63.05 ± 12.45† 74.37 ± 8.63*†
(N = 69 implants‡)
*† Statistical significance (P <0.05) when comparing square thread to V-
thread and reverse buttress thread design.
‡ Three of 72 specimens could not be read due to a processing error.
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Figure 2.
Direct bone-to-implant contact of the three thread designs.
tact with either newly formed bone or with normal mar-
row tissue (Fig. 2). Fibrous tissue was absent between
bone and implant surfaces for all groups. Due to the
absence of cover screws, multiple implants had visible
bone in-growth (Fig. 3). Qualitative histologic differ-
ences among the various thread designs were not seen.
Histomorphometric Analysis
The histomorphometric findings paralleled the removal
torque data. Using the one-way analysis of variance, a
mean percentage of bone-to-implant contact of 65.46% ±
9.64% was found for the V-thread, 63.05% ± 12.45% for
the reverse buttress thread, and 74.37% ± 8.63% for
the square thread design (Table 1). The square thread
demonstrated statistically significant higher bone-to-
implant contact in comparison to the V-thread and the
reverse buttress thread group (P <0.05) (Table 1).
Comparisons were also made using repeated mea-
sures analysis of variance, which also showed statis-
tical significance; however, the pairing was not effective
due to the absence of one V-thread section in rabbit 5
due to histological processing. As with the removal
torque data, no significant differences in bone-to-
implant contact were found between the V-thread and
the reverse buttress thread implants (Table 1).
Radiographic bone density was analyzed on a gray
scale for each of the 36 implants. The image analysis
software analyzed three areas of control bone not in
proximity to the implant and three areas adjacent to the
thread at the internal angle between the two slopes on
each side of the implant, yielding nine values for each
of the 36 implants (Fig. 4). The results of the repeated
measures analysis of variance with Tukey-Kramer
multiple comparison test for the radiographic bone den-
Figure 3.
Due to the absence of cover screws, multiple implants had bone
growth visible into the internal component of the implant.
sity are summarized in Table 2. The only dif-
ference found was between the control for
the reverse buttress thread design, which had
an average value of 122.6 ± 35.6, in com-
parison to the test for the square thread
design, which had an average value of 147.6
± 40.8 (P <0.05). Since implants were not
loaded, this finding is incidental as other val-
ues were not statistically different from one
another (P >0.05) (Table 2).
Linear regression with Pearson correlation
analysis was done to compare the reverse
torque removal values and percentage of BIC
among the three threaded implant designs.
The results of this analysis are summarized
in Table 3. It was found that the square thread
design had the highest correlation value of
r = 0.42, followed by the V-shaped thread at
0.33 and the reverse buttress thread at 0.31.
The greater BIC values were more highly correlated
with the greater reverse torque removal values.
DISCUSSION
The transcortical implant model is effective in demon-
strating differences in reverse torque value measure-
ments as well as bone-to-implant contact. The data
generated in this study are consistent with previous stud-
ies using a similar model, supporting evidence that com-
mercially pure titanium is biocompatible, eliciting no acute
inflammatory response.
Implant surface texture has been shown to affect
the BIC. A 1995 study by Wennerberg et al. compared
removal torque values on screw-shaped titanium
implants with three different surface topographies.21 In
the tibia, screws blasted with 25 µm particles of TiO2
needed higher reverse torque forces for removal com-
pared to machined screws. Screws blasted with 25 µm
particles of titanium and 75 µm particles of aluminum
oxide demonstrated a higher removal torque and inter-
facial bone contact than did machined titanium
implants with a smoother surface topography (35.4 N-
cm versus 29.2 N-cm, respectively). The use of an RBM
surface in this study to rule out variation from lack of
surface texture may contribute to our slightly lower
reverse torque measurements, although the time frame
of 3 months post-implantation was the same.
The torque values necessary for removal of implants
in animals vary following specific post-insertion time inter-
vals. Johansson and Albrektsson35 placed titanium implants
into a rabbit tibia model similar to our study; however, they
evaluated the removal torque values at up to 1-year post-
insertion. The various healing time intervals of 3 weeks
and 1, 3, 6, and 12 months correlated both to the aver-
age removal torque values and the BIC ratio. The average
3-month removal torque was highly variable, peaking at
68 N-cm, which may reflect differing bone forming capac-
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Figure 4.
Radiographic bone density.VT:V-thread; RB: reverse buttress thread; and SQ: square
thread. No significant differences were found in the radiographic density results.
Table 3.
Comparison of Reverse Torque Removal
Values and Percentage of Bone-to-Implant




V-Thread Buttress Thread Significance
V-thread r = 0.33 0.38 0.20
Reverse 0.19 0.31 0.31 P <0.0001
buttress






Radiographic Density Comparison of Bone
Surrounding V-Shaped, Reverse Buttress,
and Square Threaded Implant Designs 
(N = 12 rabbits; 36 implants)
Radiographic Bone Density (average value)
Test Control
V-thread 139.8 ± 35.2 133.2 ± 34.4
Reverse buttress 133.2 ± 33.3 122.6 ± 35.6*
thread
Square thread 147.6 ± 40.8* 133.4 ± 39.3
* Statistical significance (P <0.01) when comparing square thread to reverse
buttress control.
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††† SERF, Decines Cedex, France.
‡‡‡ Brånemark implants, Nobel Biocare, Yorba Linda, CA.
Figure 5.
Compact bone was primarily in contact with the first cortical implant threads
and failed in most instances to reach the lower marrow region threads.
ity between individual animals. Therefore, those animals
with rapid bone formation would have completed their cel-
lular cycle in 3 months, whereas those with less rapid
bone formation would require more time. Longer follow-
up times, therefore, would theoretically lead to less vari-
able data. The physiologic differences between individual
rabbits may explain the correlations between greater
removal torque forces in one extremity and a higher per-
centage of BIC in the contralateral tibia.
To our knowledge, this is the first animal study to com-
pare bone formation and reverse torque measurements
of three different implant thread designs with the same
surface topography in the same model. Lucchini et al.36
compared surface treatment and bone formation adja-
cent to two screw shaped implants of similar gross design,
but with microscopically different thread designs (SEM). Test
implant threads were flat at the edge, resembling a square
thread design,††† while controls had rounded thread edges,
resembling a V-thread design.‡‡‡ It is important to note
that the reverse torque test is often used as a research
tool and the numbers obtained from this test may not be
clinically significant or relevant. Histomorphometric
analysis after 12 weeks indicated an average BIC of 68%
for the test implants and 61% for the controls, which did
not reach statistical significance. Despite this, the study
did show a trend for greater BIC in the square thread
design. Comparing this to our results, we demonstrated
a significantly higher BIC in the square thread design
compared to V-thread design. Differences between our
findings and those of Lucchini et al. may be due, in part,
to the animal models and measurement methods.
The BIC length fraction in this study was measured
using the internal and external angles of the first three
threads of the implant length for the various groups,
which correlated to the coronal one half of the implant.
It was found that compact bone was primarily in con-
tact with the first cortical implant threads and failed in
most instances to reach the lower marrow region
threads, which agrees with the findings of others21,32,37,38
(Fig. 5). These studies all use implants with similar
diameters; however, they vary in regard to the implant
length and the method used to evaluate BIC. Our study
used 7 mm implants compared to 4, 5, or 10 mm
implants used by others.37,39,40 Other studies have cal-
culated the BIC according to three or four consecutive
best filled threads,21,35,38 whereas we utilized the first
three threads of each implant regardless of bone fill.
While the implants did not carry physiologic loads,
they represented models for the healing sequelae asso-
ciated with two-stage dental implants where endosseous
implant bodies are placed and remain unloaded during
the variable healing period of several months. The find-
ings of this animal model study may apply to clinical
1240
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situations in the human maxilla with regard to the soft
bone quality. We found no differences in the radiographic
bone density surrounding the three thread types eval-
uated, suggesting that thread design has no influence
on initial healing of the peri-implant hard tissues.
One of the limitations associated with this study is
using the rabbit tibia as our model. The tibia of a rab-
bit is basically hollow except the top 3 or 4 mm; this
may explain why we measured only the top three
threads for the percent osseointegration and the reason
for the low reverse torque scores. Because of the dif-
ference between the rabbit and human model, it does
not really give us a good understanding of what would
happen in humans. Nonetheless, it does provide some
basic information to guide us for future studies and
understanding. Other limitations include the use of a
shorter implant (<7 mm) and no cover screw is placed
for the study. Future studies with other models and
longer implants with cover screws are certainly needed.
Pearson correlation analysis was done to compare
the reverse torque removal values and percentage of
BIC. The greater BIC values were more highly corre-
lated with the greater reverse torque removal values. In
addition, square shaped implant threads were superior
to both V-shaped and buttress thread designs, both in
the percent of BIC and the torque force required for
removal after initial healing. These findings are import-
ant considerations in maintaining initial implant stability
during the early post-placement phase, when a major-
ity of implant failures occur.15,41,42 This finding was
unexpected, since the implants had the same dimen-
sions and surface conditions. The perceived primary
advantage of a square thread was the loading advan-
tage to other designs, since it transfers primarily com-
pressive forces to the bone, which is significant during
immediate to early occlusal implant loading. Under
these conditions the implant interface must withstand
both surgical trauma and early loading conditions at the
same time. Future studies will investigate differences
in radiographic bone density after active loading of the
three different thread designs. This may elucidate poten-
tial differences in performance between thread designs
under functional conditions and generate additional
useful information as to which thread design may pro-
vide a decrease in risk conditions related to stress and
strain factors at the implant interface.
CONCLUSIONS
It is imperative that a greater understanding of the param-
eters which govern the long-term success of implants
be developed. The design of an “optimal” implant requires
the integration of material, physical, chemical, mechani-
cal, biological, and economic factors. Today there is no
clearly superior dental implant design. Nonetheless, thread
shape is arguably becoming more important as practi-
tioners begin to use single-stage procedures or immedi-
ate loading techniques. The results of this study indicate
that the square thread design may be more attractive for
use in endosseous dental implant systems. Further lon-
gitudinal investigation of chronological bone changes after
loading is required to support the findings of this study.
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